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ABSTRACT 
Fused Deposition Modeling(FDM) is one of the Rapid Prototyping(RP) 
Technologies to produces plastic prototypes from acrylonitrile butadiene styrene(ABS) 
which has control over numerous processing variables that will impact the quality of the 
fabricated part. The ability to select the optimal process parameters has been a major 
concern for part quality improvement. This work was undertaken to determine parameters 
which influence the part quality for FDM Waterworks Soluble Support(WSS) system 
.The effect of these factors on FDM performance or response were investigated and the 
optimum conditions of those responses were established. Design Of Experiments (DOE) 
was used to perform the experiments. Experimental results were analysed by using 
Minitab software to obtain the significant parameters and to optimize the setting. 
Pareto Chart, Analysis of Variance(ANOVA), Main Effect plot and Regression were 
employed to determine the significant parameters and to generates recommendations of 
process variables setting and the associated predict build outcomes for FDM process . 
Finally, validation tests were conducted to verify the model of each responses against the 
actual results. 
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ABSTRAK 
Fused Deposition Modeling(FDM) merupakan salah satu daripada Teknologi 
Pembuatan Deras untuk menghasilkan prototaip plastik daripada acrylonitrile butadiene 
styrene(ABS) di mana terdapat pelbagai proses pembolehubah perlu dikawal yang akan 
memberi kesan terhadap kualiti produk. Kemampuan untuk memilih parameter yang 
optimum telah menjadi penting untuk memperbaiki kualiti sesuatu produk. Kajian ini 
dijalankan untuk mengenalpasti parameter-parameter yang memberi kesan terhadap 
kualiti produk untuk FDM Waterworks Soluble Support(WSS) sistem. Faktor atau respon 
yang memberi kesan terhadap prestasi FDM dikaji dan keadaan optimum dapat 
ditentukan untuk setiap respon tersebut. Design Of Experiments(DOE) digunakan untuk 
menjalankan kerja eksperimen. Keputusan kajian dianalisis menggunakan perisian 
Minitab dimana untuk mendapatkan parameter-parameter yang penting dan meramal 
keadaan yang optimum. Rajah Pareto, Analysis of Variance(ANOVA),Main Effect Plot 
dan Analisis Regression digunakan untuk memperolehi parameter penting dan memberi 
rekomen dan ramalan terhadap produk yang dihasilkan di dalam proses FDM. Akhirnya , 
ujian pengesahan dijalankan untuk mengesahkan di antara model setiap respon dan 
keputusan sebenar. 
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CHAPTER I 
PROJECT BACKGROUND 
1.1 Introduction 
Rapid prototyping (RP) is a process in which a part is produced using layer by 
layer deposition of material. It is an important technology as it has the potential of 
reducing 30 to 50 % of the manufacturing lead time of the product even the product 
complexity is very high (D.T. Pham and S.S. Demov., 2001 ). The RP cycle consists of 
creation of geometric model using a solid modeler, determination of suitable deposition 
orientation, slicing, generation of material deposition paths, part deposition and the post 
processing operations. Most of the steps in RP are automatically driven; however part 
deposition orientation is selected manually among the few options provided by the RP 
software. Orientation for a part deposition on RP machine platform has a significant 
effect on many key characteristics which will determine the final quality and cost of the 
prototype (P.Alexander, et al., 1998). 
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Fused Deposition Modeling (FDM) is one of the major technique in developing 
rapid prototypes or models. The FDM machine builds the part by extruding a semi-
molten filament through a heated nozzle in a prescribed pattern onto a platform. A 
second nozzle may extrude a second material usually the support material if required. 
When the first layer is completed, the platform move downwards by one layer thickness 
and the building process repeats all over again. Once completed, the build model is 
removed from the platform and removal of the support materials is done to obtain the 
final part. 
Recently , there are profoundly numerous possible parameters that can affect the 
final quality of part using FDM. Altering the parameters will affects the character of the 
resulting part. Determination of the proper significant parameters and optimum condition 
has been a subject of research in the FDM area for a some time . Bharath, et al. (2000), 
found the orientation and layer thickness as a significant parameters influence to surface 
finish quality. Anitha, et al. (2001), concluded the layer thickness has been proved 
influenced to surface roughness. Azanizawati, et al.(2003), have studied optimization for 
build time and surface finish. They found that the layer thickness and orientation 
influence to build time and orientation was the significant parameter affect to surface 
roughness. 
It is observed that most of previous work on produce better part quality has been 
related to FDM BSS(Breakaway Support System).Not much work about orientation has 
been directed to the FDM WSS system. Therefore, continue evaluation on performance 
of part deposition orientation is a very essential as it effects build time, surface finish, 
dimensional accuracy and defect occurrence. In this project, Design Of Experiments 
(DOE) technique were used to study the influence of numerous parameters setting , 
optimum setting condition and predict the part quality outcomes . 
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1.2 Background Of Problems 
Evaluation of part surface quality, geometrical accuracy and reduction in build 
time is a major concern in RP technologies. Very few attempts (Nur Fazidah and Safian 
Sharif, 2003) (D.T. Pham and S.S. Demov., 2001)(S.H. Masood, et al., 2001) 
(K.Thrimurthulu, et al., 2004) have been conducted to evaluate performance of FDM 
process which is more dominant as compared to Stereolithography(SL). Current support 
removal system using BSS(Breakaway Support System) where the predecessor to 
WSS(Waterworks Soluble Support) system that requires manual stripping of support 
from the part surface seems to be less efficient as compared to WSS system in 
obtaining optimum part quality within FDM technology .However in WSS system there 
are lack of information settings and optimum parameters used on producing acceptable 
part quality. Research on the FDM WSS system more limited as compared to Breakaway 
Support System (BASS) where the WSS is the latest invention in FDM technology . 
Currently, it was reported that most of FDM users use the default settings of the 
various of parameters and others rely on the supplier recommendation or use trial and 
error methods (Azanizawati, et al., 2003). These practices created waste of material and 
time in achieving the optimum part quality . Furthermore, there are various methods in 
determining significant parameters and to predict optimum condition of settings 
including Adaptive Slicing, Classical Method and DOE(Design Of Experiment). A 
stud}' on suitable method is required . 
Hence there is a need to determine and produce a new prototype model for 
identifying significant parameters and optimum settings within WSS system based 
on various design criteria of responses through a suitable method . In addition 
optimizing process parameters is one of the major concern in FDM research areas. Once 
